Cleavage of murine leukemia virus Pr6V5ag is associated with the activity of a labile proteolytic factor found in virions. We have shown that the presence of 80 to 100 mM NaCl inhibits this cleavage activity in vitro by over 90%. Further, the addition of 80 to 100 mM excess NaCl in vivo to chronically infected cultures of MJD-54 mouse fibroblasts also caused inhibition of Pr659,9 cleavage. Specifically, the excess salt added to cells: (i) caused a >90% decrease in virus production; (ii) increased the Pr65ag/p30 ratio in virions produced by more than threefold; and (iii) in pulse-chase experiments, showed a 10-fold decrease in the amount of Pr659ag cleaved after 3 h. In contrast, during this chase interval there was only a slight diminution, i.e., about twofold, in the cleavage of the env precursor polyprotein Pr80env, suggesting that cleavages of Pr65ag and Pr8Oenv are differently controlled. Additionally, electron microscopic examination of the excess salttreated cells showed a twofold increase in the number of associated immature particles, consistent with the observed higher than average Pr6v5ag/p30 ratio. The inhibitory effects were also found if excess KCl or MgCl2 was used instead of NaCl, suggesting that they are caused by the hypertonic state of the medium and are not dependent on the ionic species used.
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Several recent reports have shown that hypertonic medium can serve as a useful probe for analyzing different stages of RNA animal virus replication. For example, Sindbis virus penetration is inhibited (3); host mRNA-directed, but not viral mRNA-directed, protein synthesis in poliovirus-infected cells is selectively blocked (13) ; and protein synthesis directed by certain classes of vesicular stomatitis virus mRNA, i.e., M and G, are selectively inhibited relative to other classes of vesicular stomatitis virus, i.e., N and NS (12) . Our interest in the use of high salt as a probe for studying murine leukemia virus (MuLV) replication came about by accident. When we varied the salt concentration of the buffers used for resuspending immature Pr659as-rich cores (18) (19) (20) (21) to remove contaminating proteins, the presence of 130 mM NaCl in TNE buffer (10 mM Tris-hydrochloride, 130 mM NaCl, 1 mM EDTA, pH 7.2) was found to be inhibitory of Pr659as cleavage. This is illustrated in Fig. 1 . The immature cores had been isolated from Nonidet P-40-treated Moloney MuLV (21), using TNE buffer throughout. They contained, in addition to Pr6Vag, a significant amount of p30 and some Pr409'9 (Fig. 1A, lane C) . In an attempt to remove these latter proteins, we resuspended the core pellets in buffers such as 10 mM Tris-hydrochloride (pH 7.2)-i mM EDTA (TE buffer) or 20 mM PIPES [piperazine-N,N'-bis(2-ethanesulfonic acid), pH 7.0]. In those cases we observed that Pr659ag was cleaved and that immature cores could not be reisolated. This is seen in Fig. 1A , lane -N. If 130 mM NaCl was present in the buffer used to dissolve the pellet, cleavage of Pr659'p did not occur (Fig.   1A , lane +N) and immature cores could be reisolated. We believe that there is a relative.ly small amount of the MuLV Pr659"9 proteolytic factor still remaining associated with immature core pellets that is capable of cleaving the Pr659"9 if excess NaCl is omitted. On the other hand, cleavage is inhibited if 130 mM NaCl is maintained. We also note that, in cases where larger amounts of MuLV proteolytic factor are used in such an assay, e.g., as with concentrated fractions from Sephadex G-75 columns (20, 21) , cleavage of Pr659'9 can occur despite the presence of 130 mM NaCl. Further investigation into how NaCl inhibits Pr65Yg cleavage shows that:
(i) the inhibition of cleavage is directly correlated with the NaCl concentration in the assay mixture (viz., inhibition of cleavage was about 40% when 50 mM NaCl was added and 100% 10, 30, 50 , and 100 mM added NaCl. The density of the Pr659'-band at 100 mM NaCl was identical to that at 130 mM NaCl (data not shown).
when 100 mM NaCl was added [ Fig. iB]) ; and (ii) this inhibition reflects the increase in ionic strength rather than the increase in Na+ ions since MgCl2, MnCl2, or KCI also inhibited Pr65'9 cleavage by 90% or better at concentrations of 130 mM (data not shown).
Once we had observed that cleavage of Pr65'g could be inhibited in vitro by excess NaCl or other salts, we wondered whether such an inhibition would also occur in vivo. Initially we reasoned that, since cleavage of Pr659'9 in vivo was linked to maturation (18) , after excess salt addition we might find that there was a dimi- (Table 1) . The inhibitory effect also does not appear to be Na+ specific in vivo since addition of excess 80 mM KCl or 50 mM MgCl2 exhibited a similar 70 to 80% decrease in activity (Table   1) .
We next examined the polypeptide composition of the particles produced from MJD-54 cells after exposure of the cells to excess salt. The viral proteins were analyzed on 12.5% sodium dodecyl sulfate-polyacrylamide gels, and, as can be seen in Fig. 2 , there was a clear increase in the amount of Pr65sas relative to p30. Quantitation by densitometry showed that the Pr65sas/ p30 ratio was increased from 29 to 97% for the particles produced from cells after treatment with 20 to 80 mM excess salt, respectively. This result is consistent with the in vitro results.
A thin-section electron microscopic examination of MJD-54 cells treated with excess salt was also undertaken. Submembranous electrondense regions which have been seen in several Rauscher leukemia virus temperature-sensitive mutants grown under nonpermissive conditions (16) were not seen, regardless of whether 80 mM excess NaCl or KCl was used. However, we did note that: (i) the relative number of immature particles (compared with mature particles) was increased nearly twofold after 50 or 80 mM excess NaCl treatment (Fig. 3) ; and (ii) with 80 mM excess NaCl there was a 30% increase in the number of immature particles with a highly coiled, double-ring morphology (see immature particle with arrow in Fig. 3B ). This morphology has previously been associated with particles that possess a high Pr65sag/p30 ratio (10) precipitated with p30 antiserum and analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. A similar experiment was done with gp70 antiserum for comparison. By 3 h postchase with 0 mM NaCl, over 90% of the pulse-labeled Pr65Mg has presumably been cleaved and incorporated into virus particles (Fig. 4) ; it is no longer associated with the cell.
There is also very little labeled intracellular p30 present at this time, which is consistent with the results of Schultz et al. (15) . When 80 mM excess NaCl was added at the time of the chase, about two-thirds of the initial Pr659'9 pulse-label persisted inside the cell at 3 h postchase. As an aside we also note that Pr809'9, which is apparently a precursor to glycosylatedgag, disappears regardless of whether the chase is done with 0 or 80 mM excess NaCl. These results are consistent with those of Edwards and Fan (2) found that glycosylated gag was more rapidly released from cells than Pr659'9, and those of Ledbetter et al. (6) , who found that glycosylated gag was not incorporated into virions.
In contrast to the pattern of Pr659'9 cleavage (10-fold inhibition), we found (Fig. 4) that the cleavage of the envelope precursor Pr80env to gp70 and pl5E was relatively less inhibited. Quantitation of the autoradiogram showed that the amounts of gp70 present after 0 and 80 mM excess NaCl addition were 38 and 20%, respectively, of the total env label on the gel; for pl5E it was about 10% in both cases. Quantitation of Pr659'9 showed that 64% of the label was present after the chase with 80 mM NaCl, as compared to about 6% with 0 mM NaCl.
The above labeling results, when taken together with the other studies, suggest that production of mature MuLV (i.e., virions in which Pr659"g is cleaved) is inhibited at several levels by increasing the concentration of salt to 80 mM in the culture medium. The labeling experiments also indicate that the protease involved in the cleavage of Pr65Vg may be differently controlled than the protease that cleaves the envelope precursor Pr80env.
In support of these suggestions, it has been shown that in the avian tumor virus system the avian myeloblastosis virus-p15-associated protease which cleaves the avian gag polyprotein does not cleave the avian env polyprotein (11) . Thus, at least a second virus-associated proteolytic activity is involved in maturation. We have also reported recently (Luftig and Yoshinaka, in press) that both serine and thiol protease-sensitive sites exist on MuLV-Pr659"9. Thus, the cleavage of Pr65Vg to the intermediates Pr40ag (p30-plO) and Pr275"9 (pl5-pl2) appears to involve the serine protease, whereas processing to the final products (p30, plO, p15, and p12) may involve the activity of a thiol-like protease (14; Luftig and Yoshinaka, in press). This thiol protease activity could represent yet another virionassociated protease. In the future we will try to purify sufficient quantities of the different murine proteolytic activities so that they can be better characterized.
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